INTRODUCTION
============

Extended-spectrum β-lactamases (ESBLs) belong to a group of enzymes that are responsible for the development of resistance against several β-lactam-containing antibiotics, including penicillins, cephalosporins, and aztreonam. As the name suggests, these enzymes hydrolyze the four-atom ring (β-lactam) present in these antibiotics, thus making them ineffective. ESBLs are mainly produced by the strains belonging to the Gram-negative family Enterobacteriaceae, especially *Escherichia coli* and *Klebsiella pneumoniae* \[[@B1][@B2][@B3]\].

The ESBLs were initially isolated in the hospital settings. However, since 2001 \[[@B4]\], reports of community-acquired (CA) infections of ESBLs have started emerging, thus making the epidemiology of infections resulting from ESBL-producing bacteria yet more complex \[[@B2][@B5]\].

The increasing resistance to β-lactam antibiotics, used to treat urinary tract infections (UTIs), has made the treatment more difficult. *E. coli* and *Klebsiella* species are the most common causative agents of CA-UTIs and frequently resistant to many of the antimicrobial agents recommended for the treatment of such infections. Recent years have witnessed a surge in the emergence of ESBLproducing *E. coli* and *Klebsiella* spp. \[[@B6][@B7]\].

The increased resistance of the causative microorganisms to CA-UTIs is associated with increased mortality, morbidity, health care costs, and the need for introducing broad-spectrum antibiotics \[[@B8]\]. Identification of risk factors for antimicrobial resistance may contribute toward improved empirical treatment of CA-UTIs. The reported risk factors for developing a UTI with a CA ESBL-producing *E. coli* or *Klebsiella* spp. include old age, female sex, diabetes mellitus, recurrent UTIs, invasive urological procedures, and prior use of antibiotics, such as aminopenicillins, cephalosporins, and fluoroquinolones \[[@B4][@B5][@B9][@B10][@B11]\].

The present study identified the risk factors in patients with CA-UTIs caused by ESBL positive microorganisms as compared to infections caused by ESBL negative microbes.

MATERIALS AND METHODS
=====================

1. Design and data collection
-----------------------------

This is a prospective case-control study, and carried out between 1 January 2012 and 31 December 2012. The study was conducted at the Department of Infectious Disease and Clinical Microbiology, Ankara Training and Research Hospital, situated in central region of Turkey. Our hospital is an 468 bed tertiary care teaching hospital. Patients diagnosed with CA-UTIs caused by *E. coli* or *Klebsiella* spp. and ≥18 years old were included in the study. UTI was defined as a growth in urine culture, pyuria, and at least one of the following symptoms: dysuria, frequency or urgency. Each patient was included once in the study and informed consent was obtained from participants. The following exclusion criteria were used:

i\) contaminated urine culture (more than three microorganisms)

ii\) were unable to answer our questionnaire

iii\) had urinary tract symptoms, but not positive urine culture

iv\) patients with health care associated UTI (i.e., hospitalized for 48 hours during the last 30 days)

v\) the presence of other microorganisms in urine culture.

We recorded the presence of urinary tract abnormalities, immunosuppression, comorbidities, previous antibiotic treatment (in last three months), any interaction with the healthcare system in the previous 3 months or one year and invasive urological procedures. UTIs can be categorized as uncomplicated and complicated. Uncomplicated UTI is defined as an infection occurring in a structurally and neurologically normal urinary tract. Complicated UTI is defined as an infection in a urinary tract with functional or structural abnormalities, and UTI in men and pregnant women \[[@B12]\].

The study was approved by the Regional Committee for Medical and Health Research Ethics in Ankara Training and Research Hospital (approval number: 2012/3816).

2. Microbiological examination
------------------------------

Urine culture was performed by using blood and eosine methylene blue agar. *E. coli* and *Klebsiella* spp. were identified by using manual tests, such as colony morphology, Gram stain, oxidase test, triple sugar iron agar, urease, citrate, indol and methyl red tests. Antibacterial susceptibility testing and ESBL screening were performed by using disc diffusion method according to the Clinical and Laboratory Standards Institute \[[@B13]\] criteria in our clinical laboratory. Following antimicrobial agents (Bioanalyse, Ankara, Turkey) were used for antibiotic susceptibility testing: amoxicillin-clavulanic acid (20 µg/10 µg), aztreonam (30 µg), cefuroxim (30 µg), ceftriaxone (CRO, 30 µg), ceftazidime (CAZ, 30 µg), cefepime (30 µg), cefoxitine (30 µg), cefotaxime (30 µg), imipenem (10 µg), meropenem (10 µg), ertapenem (10 µg), ciprofloxacin (CIP, 5 µg), gentamicin (GEN, 120 µg), amikacin (AK, 30 µg), nitrofurantoin (F, 300 µg), fosfomycin (50 µg), piperacillin-tazobactam (10/1--110 µg). Quality was assured by testing *E. coli* ATCC 25922 and *K. pneumoniae* ATCC 700603 in every batch.

ESBL production was confirmed by using double disc synergy and E-tests (AB Biodisk, Stockholm, Sweden). Double disc synergy test determination was performed by using amoxicillin-clavulanic acid in the center and CAZ, CRO, cefoxitin, aztreonam around it with a 25 mm distance. Confirmation by E-test method was performed by using CAZ (0.5--32 µg/mL)/CAZ clavulanate (0.064--4 µg/mL) and cefotaxime (0.25--16 µg/mL)/cefotaxime clavulanate (0.016--1 µg/mL) E-test strips. If the proportion of CAZ/CAZ clavulanate and cefotaxime/cefotaxime clavulanate MIC values were ≥8 in E-test method or expansion of indicator cephalosporin inhibition zone towards amoxicillin-clavulanic acid disc by double disc synergy method were interpreted as production of ESBL enzyme ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}).

3. Statistical analysis
-----------------------

The SPSS ver. 15.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Parametric tests were used to compare the variables between independent groups; the Shapiro Wilk and Kolmogorov-Smirnov tests were used to verify the assumptions. The Mann-Whitney U-test was used to compare two independent groups and the chi-square test was used to analyze the differences in categorical variables between these groups. Also, multiple logistic regression analysis was performed to determine independent risk factors that influenced the resistance to different antibiotics. The variables with a significant difference (p\<0.05) were compared with multiple logistic regression analysis; the results of which were summarized with odds ratios \[ORs\], 95% confidence interval \[CI\], and p-values. Descriptive statistics was used to summarize the demographic data. The qualitative variables were expressed as rates and frequency, and quantitative variables were defined as medium (minimum-maximum) and/or mean±standard deviation. A p-value \<0.05 was considered as statistically significant.

RESULTS
=======

A total of 322 patients with CA-UTIs were enrolled and bacterial growth was detected in 264 patients (82.0%) of their urine samples. *E. coli* was the most commonly isolated species (60.5%), followed by *Klebsiella* spp. (6.5%), *Proteus mirabilis* (2.8%), *Pseudomonas aeruginosa* (2.2%) and other microorganisms (*Acinetobacter baumanni*, *Enterobacter aerogenes*, *P. vulgaris*, *Stenotrophomonas maltophilia*, *E. cloacae*) (3.4%). *E. coli* (161; 90.4%) and *Klebsiella* spp. (17; 9.6%) were identified in 178 patients meeting the study criteria. Fifty eight of *E. coli* isolates (36%) and eight of *Klebsiella* spp. isolates (47%) totally 66 of (37.1%) of them were phenotypically positive for ESBL production. Remaining, 112 of isolates (*E. coli* n=103; *Klebsiella* spp. n=9) were found as negative for ESBL production. We groupped the patients according to occurrence of ESBL positive or negative growth of *E. coli* and *Klebsiella* obtained from urine, and compared the groups for the risk factors. The study case (n=66) and control groups (n=112) were well matched in most of the demographics (such as age and sex) and clinical factors. The results were shown in [Table 1](#T1){ref-type="table"}.

The univariate analysis showed that \>60 years old, urolithiasis, urinary tract abnormalities, urinary system malignancy, history of urinary catheterization, recurrent UTI, history of urinary system operation and invasive urological procedures, history of hospitalization in last 3 months or in the preceding year, history of antibiotic use in preceeding 3 months were significantly higher in the ESBL positive group ([Table 1](#T1){ref-type="table"}).

Antibiotic usage in the last three months and the effect of antibiotics on ESBL positivity was investigated. The results were shown in [Table 2](#T2){ref-type="table"}. Significant increase in the number of infections due to ESBL positive *E. coli* and *Klebsiella* spp. were found in patients with a history of previous use of antibiotics in the last 3 months, particularly with fluoroquinolones (OR, 2.11; 95% CI, 1.010--4.397; p=0.043) or nitrofurantoin (OR, 6.50; 95% CI, 1.314--32.400) use.

The antibiotic susceptibility patterns of *E. coli* and *Klebsiella* spp. from cases and controls are shown in [Table 3](#T3){ref-type="table"}. The higher rates of resistance, particularly in ESBL positive strains, to cephalosporins, fluoroquinolones, amoxicillin clavulanate are noteworthy. In addition to carbapenems, AK, fosfomycin and F appear to be effective against ESBL positive strains.

Multivariate analysis included all significant factors found in univariate analysis (age, urolithiasis, urinary tract abnormalities, urinary system malignancy, history of urinary catheterization, recurrent UTI, history of urinary system operation and invasive urological procedures, history of hospitalization in last 3 months or in the preceding year, history of antibiotic use in preceeding 3 months). In the final analysis urolithiasis (OR, 3.00; 95% CI, 0.14--0.17; p=0.01), history of invasive urological procedures (OR, 3.22; 95% CI, 0.10--0.19; p=0.03), history of urinary catheterization (OR, 2.32; 95% CI, 0.19--0.94; p=0.03) were identified as independent risk factors for ESBL positive *E. coli* and *Klebsiella* spp. CA-UTI ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

UTIs are in the second place after upper respiratory tract infections among the community acquired infections. CA-UTIs are one of the most common indications for prescribing antibiotics empirically. However, the increasing prevalence of infections caused by antibiotic-resistant Gram-negative bacteria makes the empirical treatment of CA-UTIs more difficult \[[@B14][@B15]\]. ESBL positive *E. coli* and *Klebsiella* spp. are emerging causative agents of CA-UTIs.

This prospective study, which was conducted in a tertiary care teaching hospital, found that approximately 36% of community acquired *E. coli*; 47% of *Klebsiella* spp. produced ESBL. Similar results were found in other studies in Turkey, also the rates of positivity has been increasing in recent years \[[@B10][@B15][@B16]\]. These indicate that ESBL-producing *E. coli* and *Klebsiella* spp. are not only a nosocomial problem, but are a growing comprehensive issue in CA-UTIs.

The resistance rates of antibiotics other than beta-lactams of ESBL positive *E. coli* and *Klebsiella* spp. strains are generally higher than ESBL negative *E. coli* and *Klebsiella* spp. strains ([Table 3](#T3){ref-type="table"}). F, Fosfomycin, and Pivmecillinam as f irst line treatment options for uncomplicated UTI whereas fluoroquinolones are recommended as second line treatment option because of a propensity for collateral damage for uncomplicated UTI in Infectious Diseases Society of America guidelines \[[@B17]\]. Quinolones should be preferred in CA-UTIs caused by *E. coli* in areas where trimethoprim/sulfamethoxazole (TMSXT) resistance reaches 20%. Although quinolones effective in the majority of uropathogens resistance in *E. coli* has been rising also. Therefore, it is important that prevalance of resistance rates must be continuously determined in each population. In our study, 54.5% of the ESBL positive strains; 18.8% of the ESBL negative strains were resistant to TMSXT; 75.8% of the ESBL positive strains and 22.3% of the ESBL negative strains were resistant to CIP and 30.3% of the ESBL positive strains; 8% of the ESBL negative strains were resistant to GEN. These high rates of resistance to non beta lactam antibiotics (particularly quinolones, TMSXT and aminoglycosides) are the most worrisome aspects of ESBL positive *E. coli* and *Klebsiella* spp. concerns. In a study; similar to our results the CIP resistance, was reported to be 31.5% in ESBL positive and 9.1% in ESBL negative *E. coli* isolates \[[@B4]\]. CIP resistance rates, published in 2015 from Taiwan, were reported to be even higher: 68.9% in ESBL positive and 18% in ESBL negative Gram-negative isolates \[[@B18]\]. Also resistance rates for CIP against uncomplicated UTI isolates was reported as 0%--14.7% in the ECO SENS Project, 2.5% in the USA and 1.2% in outpatients in Canada \[[@B19][@B20][@B21]\]. The most frequently seen beta-lactamase genotype is CTX-M-15 \[[@B22]\]. That is likely acquired from plasmid in fluoroquinolone resistant *E. coli* \[[@B23]\] which, in a part, explains the results of the present study where the resistance rates to fluoroquinolones were higher in ESBL positive strain than those in ESBL negative strain.

Inappropriate empirical antibiotic treatment has been associated increased morbidity and mortality in CA-UTIs \[[@B19][@B24]\]. High resistance rates for beta lactams, TM-SXT and CIP restrict empirical antibiotic use in the outpatient settings. For this reason, in uncomplicated UTIs caused by ESBL positive *E. coli* and *Klebsiella* spp. strains therapeutic options include fosfomycin or F \[[@B15][@B19][@B20][@B25]\]. In our study resistance rates for the ESBL positive group were 13.6% and 6.1% for F and fosfomycin, respectively and also F resistance was found to be higher than previously published data \[[@B15][@B19][@B20][@B25]\].

The study case (n=66) and control groups (n=112) were well matched in most of the demographics (such as age and sex) and clinical factors ([Table 1](#T1){ref-type="table"}). The univariate analysis showed that patients older than 60 years was significantly higher in the ESBL positive group than that of negative group (p=0.03). This result is indicating that advanced age may be a risk factor for the infections due to ESBL positivite microorganisms. Several studies in the literature support our findings \[[@B26][@B27]\].

When we evaluated the correlation between underlying systemic diseases and ESBL producing, we did not identify any significant underlying systemic diseases in ESBL positive CA-UTIs. Similar results were found in another studies \[[@B2][@B28][@B29]\]. However, further studies are required to support this correlation.

The multivariate analysis used in the current study found the presence of urolithiasis, history of invasive urological procedures, and history of urinary catheterization as independent risk factors for CA-UTIs caused by ESBL positive *E. coli* and *Klebsiella* spp. On the other hand, other studies have reported previous use of quinolones or secondgeneration cephalosporins, previous hospitalization, diabetes mellitus, the presence of a urinary catheter, and advanced age as the most frequently detected independent risk factors \[[@B1][@B2][@B3][@B4][@B7]\].

CONCLUSIONS
===========

The production of ESBLs has emerged as a significant problem in the treatment of CA-UTIs worldwide, severely affecting the clinical outcomes. The present study found urolithiasis, history of invasive urological procedures, and history of urinary catheterization as potential risk factors associated with widespread resistance to CA-UTIs.

The identification of risk factors is necessary for effective treatment strategies to be developed, which, in turn, would reduce the spread of these infections and optimize the antibiotic use. Local antimicrobial susceptibility patterns of urinary isolates should be followed. Besides, clinicians should be aware of the resistance and should consider the risk factors, contributing to resistance, before prescribing appropriate antibiotics.
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![Double disk synergy method. Use amoxicillin clavulanate in proximity to cephalosporin discs. The distance between discs is critical. Any distorsion of zones indicates extended-spectrum β-lactamase.](icu-60-46-g001){#F1}

![Detection of extended-spectrum β-lactamase (ESBL) with an E-test. Ceftazidime (CAZ) MIC against *Escherichia coli* isolate in A is \>32 µg/mL in the absence of clavulanate and 0.125 µg/mL in the presence of clavulanate. As the ratio of CAZ with and without clavulanate is ≥8, the isolates were phenotypically determined as ESBL producers.](icu-60-46-g002){#F2}

###### Patient characteristics, epidemiological and clinical variables associated with ESBL positive *Escherichia coli* and *Klebsiella* species CA-UTI (univariate analysis)

![](icu-60-46-i001)

  Patient data                                  ESBL (+) (n=66)   ESBL (−) (n=112)   p-value
  --------------------------------------------- ----------------- ------------------ ---------
  Sex                                                                                \>0.05
   Male                                         39 (59.1 )        35 (31.3)          
   Female                                       27 (40.9)         77 (68.8)          
  Age (y)                                                                            \<0.05
   \<60                                         27 (40.9)         64 (57.1)          
   \>60                                         39 (59.1)         48 (42.9)          
  Type of infection                                                                  \>0.05
   Uncomplicated                                36 (54.5)         48 (42.9)          
   Complicated                                  30 (45.5)         64 (57.1)          
  Comorbidity                                                                        \>0.05
   Diabetes mellitus                            19 (28.8)         23 (20.5)          
   Hypertension                                 32 (48.5)         41 (36.6)          
   Chronic cardiovascular disease               6 (9.1)           12 (10.7)          
   Chronic renal disease                        9 (13.6)          8 (7.1)            
   Another systemic diseases^a^                 17 (25.8)         17 (15.2)          
  Urinary system malignancy                     6 (9.1)           4 (3.6)            \>0.05
  Urolithiasis                                  22 (33.3)         16 (14.3)          \<0.05
  Urinary tract abnormalities^b^                27 (40.9)         24 (24.1)          
  History of urinary catheterization            36 (54.5)         29 (25.9)          
  Recurrent UTI                                 18 (27.3)         12 (10.7)          
  History of urological surgery                 13 (19.7)         8 (7.1)            
  History of invasive urological procedures     19 (28.8)         7 (6.3)            
  History of hospitalization in last 3 months   15 (27.3)         9 (8.0)            
  History of hospitalization in last one year   11 (16.7)         11 (9.8)           
  History of antibiotic use in last 3 months    33 (50.0)         38 (33.9)          

Values are presented as number (%).

ESBL, extended-spectrum β-lactamase; CA-UTI, community-acquired urinary tract infection.

^a^:Rheumatoid arthritis, Behcet disease, Gout disease.

^b^:Vesicoureteral reflux, benign prostatic hypertrophy, sistosel, neurogenic bladder.

###### Comparison of the antibiotic usage during the last 3 months in the study population with and without ESBL positive *Escherichia coli* and *Klebsiella* species

![](icu-60-46-i002)

  Antibiotics        ESBL (+) (n=66)   ESBL (−) (n=112)   p-value   OR (95% CI)
  ------------------ ----------------- ------------------ --------- ----------------------
  Penicillins        0 (0.0)           11 (9.8)           \>0.05    1.65 (1.460--1.860)
  Fluoroquinolones   19 (28.8)         18 (16.1)          \<0.05    2.11 (1.010--4.397)
  Cephalosporins     5 (7.6)           4 (3.6)            \>0.05    2.21 (0.570--8.550)
  Fosfomycin         2 (3.0)           3 (2.7)            \>0.05    1.13 (0.180--6.970)
  Nitrofurantoin     7 (10.6)          2 (1.8)            \<0.05    6.50 (1.314--32.400)

Values are presented as number (%).

ESBL, extended-spectrum β-lactamase; OR, odds ratio; CI, confidence interval.

###### Antibiotic resistance rates of ESBL positive *Escherichia coli* and *Klebsiella* species

![](icu-60-46-i003)

  Antibiotic   ESBL (+) (n=66)   ESBL (−) (n=112)   p-value
  ------------ ----------------- ------------------ ---------
  AMP          63 (95.5)         45 (40.2)          \<0.001
  AMC          53 (80.3)         26 (23.2)          \<0.001
  CRO          66 (100.0)        1 (0.9)            \<0.001
  CXM          66 (100.0)        13 (11.6)          \<0.001
  FEP          66 (100.0)        2 (1.8)            \<0.001
  CAZ          66 (100.0)        0 (0.0)            \<0.001
  IMP          0 (0.0)           0 (0.0)            \-
  MEM          0 (0.0)           0 (0.0)            \-
  TM-SXT       36 (54.5)         21 (18.8)          \<0.001
  FF           4 (6.1)           1 (0.9)            \>0.05
  TZP          24 (36.4)         9 (8.0)            \<0.001
  CIP          50 (75.8)         25 (22.3)          \<0.001
  LEV          49 (74.2)         24 (21.4)          \<0.001
  GEN          20 (30.3)         9 (8.0)            \<0.001
  AK           14 (21.2)         6 (5.4)            \<0.001
  F            9 (13.6)          6 (5.4)            \>0.05

Values are presented as number (%).

ESBL, extended-spectrum β-lactamase; AMP, ampicillin; AMC, amoxicillin/clavulanate; CRO, ceftriaxone; CXM, cefuroxim; FEP, cefepime; CAZ, ceftazidime; IMP, imipenem; MEM, meropenem; TM-SXT, trimethoprim/sulfamethoxazole; FF, fosfomycin; TZP, piperacillin tazobactam; CIP, ciprofloxacin; LEV, levofloxacin; GEN, gentamicin; AK, amikacin; F, nitrofurantoin.

###### Independent risk factors of ESBL positive *Escherichia coli* and *Klebsiella* species CA-UTI identified using multivariate logistic regression analysis

![](icu-60-46-i004)

  Comorbidities                               p-value   OR     95% CI
  ------------------------------------------- --------- ------ ------------
  Urolithiasis                                \<0.05    3.00   0.14--0.70
  History of invasive urological procedures   \<0.05    3.22   0.10--0.90
  History of urinary catheterization          \<0.05    2.32   0.19--0.94

ESBL, extended-spectrum β-lactamase; CA-UTI, community-acquired urinary tract infection; OR, odds ratio; CI, confidence interval.
